Acid-induced growth was compared to auxin-induced growth. After a transient pH 4-induced increase in the elongation rate was completed, auxin could still induce an enhanced rate of elongation in soybean (Glycine max) hypocotyl segments. This auxin response occurred both when the medium was changed to pH 6 before auxin addition, and when the auxin was added directly to the pH 4 medium. This postacid response to auxin was persistent, and quite unlike a postacid response to acid, which was again shortlived. One mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (pH 7) inhibited the first response to auxin (the first response to auxin being similar to the acid response), but not the second response. This did not appear to be simply a hydrogen ion neutralizing effect, however, since a 50-fold increase in buffer concentration at pH 6 did not inhibit the first response. Decrease in the pH of the external medium, previously shown to occur with excised soybean hypocotyl segments, was not affected by auxin. Furthermore, this pH drop, during which the cells appear to be adjusting their external pH to about 5.4, did not result in an increased rate of elongation. Addition of auxin after the equilibrium pH had been attained did not alter the pH, but it did increase the rate of elongation, eliciting a normal auxin response. It was concluded that hydrogen ions do not mediate in long term auxin-induced elongation in soybean hypocotyl.
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The hypothesis that H+ ions act as a second messenger for auxin-promoted elongation (4, 13, 25) is supported by evidence that coleoptile (3, 8, 10, 20, 25, 26) , pea (1, 7, 18, 19) , and soybean (29) segments elongate more rapidly at low pH, Avena and Helianthus wall extensibility is increased at low pH (3, 26) , auxin-promoted elongation is preceded by auxin-promoted H+ ion extrusion in Avena (5, 6, 13, 25) , pea (15) , and corn (15) , and certain wall-bound enzymes, glycosidases, have low pH optima (16).
Some experiments, seemingly contrary to the tenets of the hypothesis, have been explained, e.g. acid-induced elongation, thought not to occur in green pea segments (1) , actually does occur if the epidermis is fractured or removed (7) . Other data which do not support the hypothesis are not yet entirely explained: (a) Penny et al. (21) , assuming that the xylem vessels are part of the free space that includes the cell wall (27) major differences in auxin-and acid-stimulated cell enlargement exist, e.g. auxin, but not low pH, stimulates both radial and longitudinal cell growth in lupin hypocotyl segments (23) , and auxin-promoted elongation is not transient, as is acid-stimulated elongation, in Avena coleoptile segments (25, 26) and soybean hypocotyl segments (29) ; (c) after acid-stimulated elongation has subsided, auxin is still capable of increasing the rate of elongation in Avena coleoptile (10, 25, 16 ) and soybean hypocotyl segments (29) ; (d) wall-bound glycosidases which have low pH optima, described in support of the hypothesis (16), can be inhibited without inhibiting auxin-promoted elongation in lupin (22) and Avena (9) ; and (e) auxin does not affect proton secretion in lupin (21) and soybean (28) .
These data have led us to examine the relationship of HI ionpromoted and auxin-promoted elongation. The accompanying manuscript demonstrates the lack of an auxin effect on medium pH adjustment (28) . The experiments described herein compare acid-induced elongation to auxin-induced elongation, and lead us to conclude that HI ions do not mediate in long term auxinpromoted elongation in the soybean hypocotyl.
MATERIALS AND METHODS
Soybean seedlings (Glycine max L. Merr. var. Wayne) were germinated in the dark, and the elongating segment of the hypocotyl was excised as described (29, 31) . Hypocotyl extension was continuously measured with a linear transducer in an apparatus modified after that reported by Green and Cummins (12), as previously described (29, 30, 32) RESULTS AND DISCUSSION First we determined the kinetics of acid-induced elongation, followed by auxin treatment of the same segment. We (29) and others (25, 26) have previously reported that acid-induced elongation is not identical to auxin-induced elongation. Rayle (25) , in a report on Avena experiments, has stated "The elongation response initiated by auxin can be mimicked, in part, by hydrogen ions . . . a part of the elongation response to auxin may involve HI secretion" (Rayle's italics). In our report on separa-ble responses to auxin (29), we showed that auxin could increase the elongation rate of excised soybean hypocotyl segments from about 0.2 mm/hr to about 0.5 mm/hr after the acid-enhanced rate of elongation had subsided. That is, the transient nature of the acid response was not because of acid damage. In this previous publication, we reported (ref. 29, Table 3 ) only the achieved auxin-induced elongation rates (auxin was added after various times of segment incubation at pH 4), rather than ratetime graphs, because we were not yet sure if auxin induced both responses when added after acid treatment. We suspected that the acid treatment may have "exhausted" the first response, and the subsequent auxin treatment would induce only the second response. This seemed possible, since the first response to auxin was quite similar to the acid response. It had been previously reported that acid could not reinitiate an increased elongation rate after the first acid response had subsided (26) . We now know, however, that auxin addition, after incubation of the segments at pH 4, induces both responses. This is true, whether the pH is maintained at 4 during auxin treatment (Fig. 1) , or changed to pH 6 prior to auxin addition (Fig. 2) . This does not, however, rule out the possibility that the acid response and the first response to auxin are similar phenomena, since soybean hypocotyl segments, unlike Avena (26) , will respond to a second low pH treatment (Fig. 3) .
Other data indicate that the acid response may be similar to Methods were identical to those described in Figure 1 except that the medium was changed back to the phosphate-sucrose (pH 6) buffer prior to auxin addition. (Fig. 4) . This effect of pH 7 does not appear to be just a proton-neutralizing effect in the cell wall, since a 50-fold increase in K-phosphate concentration at pH 6 does not inhibit the first response (Fig. 4) We have shown previously that soybean hypocotyl segments readily adjust the pH of the surrounding medium (28) . For example, the pH of a weakly buffered solution containing 10 1-cm segments/ml dropped from 6 to 5.5, where it stabilized, in about 20 min. However, this pH change was not affected by auxin addition at the beginning of the experiment, or after the pH of the outer medium had reached its equilibrium value (28) .
Furthermore, this pH change occurred in the presence of an intact cuticle and epidermis (28) .
This cellular adjustment of medium pH can be measured only when a high concentration of segments is present, e.g., about 10 segments/ml in the case of soybean (28) and Avena (4, 25) . To measure the effect of such cell-mediated pH changes on elongation (where elongation of one segment in 100 ml was measured in the growth apparatus), the pH changes were simulated by adding HCI (Fig. 5) . We conclude that in experiments like those in Figure 5 , we could adjust the pH in the cell wall with little or no lag time by adjusting the pH in the bathing medium (this was especially likely since the elongation response of soybean hypocotyl segments to lowered pH is almost immediate, ref. 29 
